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Background: PhikudNavakot (PN), a combination of nine herbs, has been used traditionally in
Thaimedicinal formulas to relieve circulatory disorder. The present study aimed to compare
the synergistic antioxidant efﬁcacy and toxicity of the hydroethanolic and water extracts of
PN at cellular level.
Methods: PN and its nine herbs were extracted with either 50% ethanol or water. All extracts
were tested for in vitro antioxidant potential using standard antioxidant assays. Evaluation
of cytotoxicity, genotoxicity, and intracellular reactive oxygen species were performed using
human endothelial ECV304 cells.
Results: Antioxidant assays in cell-free systems showed that the hydroethanolic extract
of PN scavenged superoxide, hydroxyl, nitric oxide radicals, and hydrogen peroxide more
effectively than its water extract. Combination indices were calculated to show that the
ingredients of the hydroethanolic extract acted synergistically to exhibit antioxidant activi-
ties against all tested radicals, whereas, in the case of water extract, this effect was observed
only against 2,2-diphenyl-1-picrylhydrazyl, superoxide, and hydroxyl radicals. A cell-based
assay also revealed that the hydroethanolic extract concentration-dependently attenuated
hydrogen peroxide-induced stress more effectively than the water extract. At the antioxi-
dant and cytotoxic concentrations of both extracts, no genotoxicity was found.
Conclusion: Our ﬁndings demonstrate that the synergistic antioxidant action of PN amelio-
rates endothelial stress,whichmayprovide some clues for understanding the traditional useof PN for the treatment of circulatorydisorder. Additionally, the selectionof a suitable solvent
for the extraction of PN h
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. Introduction
any medicinal formulas prepared from different combi-
ations of herbal ingredients have been widely used in
hai traditional medicine. These combinations were believed
o produce maximal therapeutic efﬁcacy with less associ-
ted side effects or toxicity. “Yahom” (meaning “aromatic
edicine” in Thai) is a category of more than 300 Thai poly-
erbal formulas primarily prescribed as an antiﬂatulent, a
ardiotonic, and a treatment for circulatory disorders. Sev-
ral Yahom formulas have been included in Thailand’s List
f Herbal Medicinal Products and have become an integral
art of the country’s primary healthcare system.1 A number
f experimental studies on Yahom have been performed, and
vidence from these experiments tended to support its tra-
itional uses. For example, its water extract could increase
ortic ring and atrial contraction in rats, and could initially
ecrease and then increase blood pressure via an adrenergic
athway.2,3 Yahom in its powder form, given orally to healthy
omen, was found to signiﬁcantly increase the diastolic blood
ressure and decrease the pulse pressure.4
Phikud Navakot (PN) is a major ingredient in “Yahom
avakot,” a Yahom formula comprising 54 herbs.1 PN is amix-
ure of nine herbs present in equal weight ratios, including
he roots of Angelica dahurica (AD), Angelica sinensis (AS), and
aussurea costus (SC); the rhizomes of Atractylodes lancea (AL),
igusticum chuanxiong (LC), and Picrorhiza kurrooa (PK); the roots
nd rhizomes of Nardostachys jatamansi (NJ); the aerial parts
f Artemisia pallens (AP); and the galls of Terminalia chebula
TC). The hydroethanolic extract of PN has been shown to
ttenuate signiﬁcantly carbachol-induced vasorelaxation in
ndothelium-intact rat aorta, partly through its antagonistic
ffect on themuscarinic receptor.5 As an ingredient in Yahom,
N may therefore be effective in relieving circulatory disorder.
oreover, its use is relatively safe, since no treatment-related
ortality was observed in both acute and subchronic toxicity
tudies in PN-fed rats.6
Reactive oxygen species (ROS) and reactive nitrogen
pecies (RNS) are products of normal cellularmetabolism, and
ct as secondary messengers. Overproduction of ROS, such
s superoxide anion (O2•−), hydrogen peroxide (H2O2), and
ydroxyl radical (OH•), and RNS, such as nitric oxide radical
NO•), can cause oxidative stress, leading to acceleration of
ndothelial dysfunction followed by the pathogenesis ofmany
ardiovascular diseases.7 PN may help in the maintenance
f circulatory homeostasis by counteracting or quenching
xcess ROS and RNS, thereby reducing the harmful effects of
hese pro-oxidants on cellular components. A combination of
erbal ingredients, as in PN, may produce synergistic, addi-
ive, or antagonistic effects, which could be vitally important
o the therapeutic efﬁcacy of phytomedicine. In this study, we
elected the combination index (CI) theorem of Chou–Talalay,
hich is based on isobologram analysis, as the method of
hoice to analyze the interaction among the nine herbalmate-
ials of PN.8
Thus, the present study aimed to investigate and compare
he antioxidant potential of PN and each of its nine ingre-
ients when extracted with either 50% ethanol or water in
ell-free and cell-based systems. To ascertain the safety of75
this polyherbal formula toward human endothelial ECV304
cells, cytotoxicity and genotoxic effect of the extracts were
also investigated.
2. Methods
2.1. Plant materials and preparation of the extracts
The roots of A. dahurica (Fisch.) Benth. & Hook.f. (Apiaceae),
A. sinensis (Oliv.) Diels (Apiaceae), and S. costus (Falc.) Lipsch.
(Asteraceae); the rhizomes of A. lancea (Thunb.) DC. (Aster-
aceae), L. chuanxiong Hort. (Apiaceae), and P. kurrooa Royle ex
Benth. (Scrophulariaceae); the roots and rhizomes of N. jata-
mansi (D. Don) DC. (Valerianaceae); the aerial parts ofA. pallens
Walls ex DC. (Asteraceae); and the galls of T. chebula Retz.
(Combretaceae) were purchased in October 2009 from tradi-
tional drugstores in Bangkok, Thailand, and examined by Dr
Sanya Hokputsa of the Research and Development Institute,
Government Pharmaceutical Organization. Voucher speci-
mens (NVK10-52) have been deposited at the Phytochemical
Research Group, Research and Development Institute, Gov-
ernment Pharmaceutical Organization, Thailand. All herbal
materials were examined according to the quality control
parameters in Thai Herbal Pharmacopoeia and comparedwith
the authentic specimens, generously provided by Associate
Professor Dr Noppamas Soonthornchareonnon of the Faculty
of Pharmacy, Mahidol University, Thailand.
Each dried plant material was powdered and sieved
through a no. 40 mesh. The powdered herbs (1 kg each) were
extracted with 2×5 L of either 50% ethanol or water under
reﬂux for 3hours. PN, as a combination of nine herbs mixed
in equalweight proportions,was prepared and extractedusing
the same procedure. Then the extracts were either spray dried
or freeze dried. Stock solutionswere prepared by dissolving 1 g
of the extract in 5mLofwater to a concentration of 200mg/mL.
Extract stocks were aliquoted and stored at –20 ◦C.
2.2. Antioxidant assays
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging assay
was performed, according to a previously described method.9
The ability of the extract to quench O2•− in the reaction mix-
ture was measured using the nitrotetrazolium blue system.10
The H2O2 scavenging assay was determined using the guaia-
col method, with slight modiﬁcations.11 The OH• scavenging
assay was performed using the deoxyribose method.12 The
NO• scavenging assaywasperformedusing theGriess reagent,
according to a previous report.13 Quercetin and mannitol
(Sigma-Aldrich, St Louis, MO, USA) were used as positive con-
trols.
The interaction among herbal materials was evaluated by
standard isobologram analysis, as described previously, and
using the CompuSyn synergism/antagonism analysis soft-
8ware (ComboSyn Inc., Paramus, NJ, USA). Brieﬂy, herbal
interactionwas quantiﬁed by determining the CI, where CI < 1,
CI = 1, and CI > 1 indicate synergistic, additive, and antagonis-
tic effects, respectively.
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2.3. High-performance liquid chromatography
analysis
The chemical proﬁle of the extract was recorded using a
high performance liquid chromatography–photodiode array
system (HPLC-PDA) (Shimadzu, Kyoto, Japan), consisting of a
binary pump, an autosampler, and a column oven. The extract
(20mg)was dissolved inmethanol (10mL) and ﬁltered through
a 0.45m membrane ﬁlter prior to injecting (20L) into a
Phenomenex C18 column (250×4.6mm, 5m; Phenomenex,
Cheshire, UK) and monitored at 254nm, 270nm, and 320nm.
The column temperature was set at 25 ◦C. The mobile phase
consisted of acetonitrile (solvent A) and 1% (v/v) acetic acid in
water (solvent B). A gradient system was developed at a ﬂow
rate of 1.0mL/minute for 60minutes: 0–5minutes, isocratic
gradient 100% (B); 5–35minutes, linear gradient 100–60% (B);
35–45minutes, linear gradient 60–20% (B); 45–50minutes, iso-
cratic gradient 20% (B); 50–55minutes, linear gradient 20–100%
(B); and 55–60minutes, isocratic gradient 100% (B). Calibration
curves were obtained using ferulic acid, gallic acid, rutin, and
vanillic acid (Sigma-Aldrich, St Louis, MO, USA) as standards.
The standard stock solution was prepared in methanol at a
concentration of 1mg/mL. The presence of ferulic acid, gal-
lic acid, rutin, and vanillic acid in PN extracts was detected
by HPLC-PDA, observing the retention time (tR) and UV-VIS
spectra.
2.4. Cell culture
Human umbilical vein endothelial ECV304 cells obtained from
Cell Lines Service (Eppelheim, Germany) were maintained in
an M199 medium containing 10% fetal bovine serum and 1%
penicillin-streptomycin in a humidiﬁed atmosphere of 5%CO2
at 37 ◦C. Dimethyl sulfoxide (DMSO) (0.5% ﬁnal concentration)
was used as a vehicle control in all experiments.
2.5. MTT assay
Cell viability was determined by a modiﬁed 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay, following a previously described method.14 Cells
(5×105 cells/mL) were seeded into each well of a 96-well
plate and incubated for 24hours. The cells were exposed
to the various concentrations of the extract for an addi-
tional 24hours. The medium was then replaced by MTT
(0.4mg/mL) and incubated for a further 4hours at 37 ◦C.
Purple formazan crystals were dissolved in DMSO. The
relative number of viable cells was assessed by measuring
the absorbance of the formazan product at 570nm with a
microplate reader (Perkin Elmer, Waltham, MA, USA). H2O2
(Fisher Scientiﬁc, Leicestershire, UK) was used as a positive
control.
To determine the effect of PN on cell viability in H2O2-
treated cells, the cells were pretreated with the extract
at various concentrations, ferulic acid, or vanillic acid
for 24hours prior to an exposure to H2O2 (100M) for
30minutes. Thereafter, cell viability was measured by the
MTT assay.Integr Med Res ( 2 0 1 4 ) 74–82
2.6. Alkaline comet assay
The alkaline comet assay was performed with a slight
modiﬁcation.15 Cells were exposed to various concentrations
of the extract for 24hours. After trypsinization, the cells
were suspended in 1% low-melting agarose on a glass slide
previously covered with 0.8% normal-melting agarose. After
solidiﬁcation of agarose, the slide was treated with a lysis
buffer [2.5M NaCl, 0.1M EDTA, 10mM Tris, pH 10, 1% (v/v) Tri-
ton X-100, and 10% (v/v) DMSO; pH 12.3] at 4 ◦C for 1 hour in
the dark. Then the slide was equilibrated in electrophoresis
buffer (300mM NaOH and 1mM EDTA, pH 13) for 5minutes
to allow the unwinding of DNA and electrophoresed at 25V
for an additional 5minutes. The slide was washed with a
neutralizing buffer (0.4M Tris, pH 7.5) prior to dehydrating
with methanol and ﬁnally stained with SYBR Green. Images
were photographed using a ﬂuorescence microscope (Olym-
pus, Tokyo, Japan) and the percent of DNA in the tail was
analyzed using the CometScore 1.5 software (TriTek Corpo-
ration, Sumerduck, VA, USA). H2O2 was used as a positive
control.
2.7. DCFH-DA assay
Intracellular ROS was determined using the 2′,7′-
dichlorodihydroﬂuorescein diacetate (DCFH-DA) assay, as
previously described.16 Brieﬂy, cells were treated with the
extract (at various concentrations), ferulic acid, or vanillic
acid for 24hours. Thereafter, the cells were washed twice
with cold phosphate-buffered saline and incubated with
DCFH-DA (5M) for 30minutes at 37 ◦C. After the dye solu-
tion was removed, the cells were washed twice with cold
phosphate-buffered saline and further incubated with or
without H2O2 (100M) for 30minutes. The ﬂuorescent inten-
sity of 2′,7′-dichloroﬂuorescein wasmeasured at an excitation
wavelength of 485nm and emission wavelength of 535 nm.
Quercetin was used as a positive control.
2.8. Statistical analysis
All data are reported as mean ± standard error of the mean
from three independent experiments. The Student’s t-test
was used to compare the signiﬁcant difference between two
groups. Differences among groups were evaluated by one-way
analysis of variance, followed by Duncan’s test.
3. Results
3.1. Evaluation of antioxidant potential
Cell-free antioxidant assays revealed that the hydroethanolic
and water extracts of PN concentration-dependently exhib-
ited strong antioxidant potential against DPPH, O2•−, OH•,
and NO• and weremoderately potent against H2O2, compared
with quercetin and mannitol as positive controls (Table 1).
The ability of PN to scavenge OH• was even higher than
that of mannitol. Moreover, antioxidant activities of the
hydroethanolic extract were signiﬁcantly higher than that of
the water extract (Fig. 1).
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Table 1 – Comparison between antioxidant (EC50) and cytotoxic (IC50) effects of the hydroethanolic and water extracts of PN and its nine herbs
Extract EC50 (g/mL) IC50 (g/mL)
DPPH O2•− H2O2 OH• NO• Cytotoxicity
A. dahurica E 183.67±8.33 201.20±23.82 629.32±22.91 183.70±44.37 30.67±4.16 3340.00±98.90
W 397.33±31.09 355.60±13.02 896.71±25.33 296.67±15.31 70.00±13.53 4436.33±394.37
A. lancea E 891.67±6.66 1599.84±45.64 3016.00±170.94 868.77±150.63 353.33±85.05 >5000
W 845.67±67.16 1392.30±26.66 2726.00±272.19 584.89±87.24 368.67±36.64 >5000
A. pallens E 169.33±32.58 75.29±4.65 515.34±29.84 308.71±18.73 106.00±20.66 3195.00±101.90
W 192.67±24.54 61.16±2.30 559.14±19.42 218.84±36.51 83.00±10.54 3494.00±86.57
A. sinensis E 398.00±34.77 358.78±21.76 1190.00±113.65 489.94±51.33 546.67±102.55 >5000
W 511.33±10.02 378.31±6.80 994.67±141.85 487.12±48.38 781.33±46.69 >5000
L. chuanxiong E 268.00±15.87 150.54±5.79 733.67±60.52 440.62±57.37 81.67±11.68 3741.00±194.30
W 291.00±11.79 130.99±5.06 708.67±17.21 474.70±42.39 76.33±9.87 3682.67±166.26
N. jatamansi E 218.67±11.93 80.69±0.06 645.36±18.70 325.54±12.78 226.00±28.84 3317.00±57.60
W 485.00±33.06 67.16±1.45 645.64±11.96 310.40±13.12 195.00±22.11 >5000
P. kurrooa E 90.67±12.50 45.35±3.87 501.91±14.95 216.33±14.79 269.33±33.08 584.00±20.80
W 103.67±16.17 28.70±3.51 579.58±31.36 231.37±20.63 182.00±26.89 641.33±65.73
S. costus E 538.00±66.70 1083.73±41.01 1774.67±152.06 80.86±2.81 288.00±28.93 2788.00±252.00
W 496.67±13.61 1559.22±97.18 1133.00±92.59 109.06±3.65 217.00±26.23 4509.33±529.73
T. chebula E 4.47±0.12 10.50±1.05 21.28±0.29 9.99±1.03 68.33±13.65 67.00±1.70
W 5.90±0.26 12.00±1.14 22.35±0.48 7.63±0.36 75.67±12.22 41.33±25.04
Phikud Navakot E 25.40±7.71 47.26±6.23 132.32±15.16 26.99±1.47 82.33±9.45 444.00±20.10
W 45.00±3.61 57.81±8.56 248.52±7.65 40.42±2.51 135.67±8.14 617.67±16.52
Positive control 2.28±0.09*
(6.75±0.25M)
14.28±0.42*
(42.21±1.26M)
15.62±0.06*
(46.18±1.88M)
442.51±2.22†
(2.43±0.012mM)
11.06±0.63*
(32.68±1.86M)
1.42±0.01‡
(41.73±0.34M)
All data represent mean±SEM from at least three independent experiments performed in triplicate.
E, hydroethanolic extract; EC50, half maximal effective concentration; IC50, half maximal inhibitory concentration; PN, Phikud Navakot; SEM, standard error of the mean; W, water extract.
∗ Quercetin.
† Mannitol.
‡ Hydrogen peroxide exposure for 24hours.
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Fig. 1 – Antioxidant activities against DPPH, O2•−, H2O2,
OH•, and NO• of hydroethanolic and water extracts of PN,
expressed as EC50 values. Results are expressed as
mean±SEM, based on at least three independent
experiments performed in triplicate. Signiﬁcant differences
between the hydroethanolic and water extracts are
indicated as * p<0.05 and † p<0.01.
DPPH, 2,2-diphenyl-1-picrylhydrazyl; PN, Phikud Navakot;
SEM, standard error of the mean.
To identify the herbal components of PN responsible for
the antioxidant activities, the half maximal effective concen-
tration or EC50 values of PN and each herb were evaluated
(Table 1). PN and four individual herbal ingredients displayed
antioxidant activity against O2•−, with EC50 values of lower
than 100g/mL, and their activity was in the following order:
TC>PK>PN>AP>NJ. The ability of PN to scavenge OH• was
mainly dependent on TC and SC, while its ability to scavenge
NO• was found to be dependent on AD, TC, and LC.
We used the EC50 data in Table 1 to calculate the CI values
of both extracts, to clarify the interaction inherent in PN.
The hydroethanolic extract of nine herbal ingredients of
PN exhibited signiﬁcant synergistic antioxidant activities
(CI < 1.0) against all tested ROS and RNS (Table 2). In contrast,
the water extract showed a somewhat irregular pattern of
antioxidant activities. It displayed synergistic effect against
Table 2 – CI values of antioxidant activities of PN as
computed by CompuSyn‡
Hydroethanolic
extract
Water extract
DPPH 0.563 ± 0.019† 0.774 ± 0.006†
O2•− 0.765 ± 0.014† 0.752 ± 0.015†
H2O2 0.564 ± 0.019† 1.555 ± 0.055*
OH• 0.421 ± 0.005† 0.752 ± 0.017†
NO• 0.831 ± 0.022* 1.156 ± 0.041
CI, combination index; PN, Phikud Navakot.
∗ p<0.05 as compared to CI = 1.
† p<0.005 as compared to CI = 1.
‡ CI <1 indicates synergistic; CI = 1 indicates additive; and CI > 1
indicates antagonistic effect.Integr Med Res ( 2 0 1 4 ) 74–82
DPPH, O2•−, and OH•; additive effect (CI ∼ 1.0) against NO•;
and antagonistic effect (CI > 1) against H2O2.
3.2. HPLC proﬁle
In order to detect active components responsible for
the antioxidant activities of PN, HPLC proﬁles of both
extracts were compared. HPLC ﬁngerprints showed many
common peaks, including those of the antioxidant con-
stituents gallic acid (tR 16.42±0.41minutes), vanillic acid (tR
27.04±0.52minutes), rutin (tR 30.13±0.61minutes), and fer-
ulic acid (tR 31.05±0.24minutes) (Fig. 2). Content of gallic acid,
vanillic acid, rutin, and ferulic acidwere 0.143, 0.396, 0.004, and
0.024 (% w/w) in the hydroethanolic extract and 0.136, 0.362,
0.002, and 0.003 (%w/w) in thewater extract of PN, respectively
(Table 3).
3.3. Cytotoxicity
To investigate the safety of PNas an ingredient of herbal prepa-
rations, cytotoxicity of its extracts and each of its components
on ECV304 cells was evaluated. Most of the single herbs were
noncytotoxic (IC50 > 2500g/mL) (Table 1). Both extracts of TC
showed the highest cytotoxicity, while the extracts of PK and
PN showed moderate toxicity (IC50 < 1000g/mL).
3.4. Genotoxicity
The alkaline comet assay was performed to screen the geno-
toxic potential of PN. Both extracts of PN at their IC10, IC25,
and IC50 values did not produce a signiﬁcant increase in the
percentage of DNA in the tail, compared to a positive control,
H2O2 (Fig. 3). Thus, the use of PN as an ingredient of herbal
medicine should be relatively safe.
3.5. Intracellular ROS level
To conﬁrm the antioxidant efﬁcacy of PN at a cellular level,
endothelial cells were treatedwith PN prior to a brief exposure
to H2O2. The result showed that, compared to H2O2-treated
cells, the hydroethanolic extract (50–200g/mL) attenuated
intracellular ROS more effectively than the water extract
(200g/mL) (Fig. 4A), without affecting cell viability (Fig. 4B).
It should be noted that the hydroethanolic extract of PN
(50g/mL) was relatively equipotent to quercetin (10M or
3.38g/mL), a well-known antioxidant, ferulic acid (5M or
0.97g/mL), and vanillic acid (50Mor 8.41g/mL). Ferulic and
vanillic acids were among the chemical markers found in PN
(Fig. 2). Noticeably, a reduction of intracellular ROS induced
by PN at the concentrations of 500g/mL and 1000g/mL was
due to the loss of cell viability (Fig. 4B).
4. Discussion
To support the traditional knowledge that PN, a combination
of nine herbs originated from traditional Chinese medicine
and Ayurveda, demonstrates better therapeutic efﬁcacy for
circulatory disorder, the antioxidant action of PN and its nine
herbal ingredients was investigated. Our results suggested
N. Nalinratana et al/Antioxidant Phikud Navakot 79
Fig. 2 – HPLC chromatograms monitored at 270nm. (A) Mixture of standards containing gallic acid (1), vanillic acid (2), rutin
(3) and ferulic acid (4), (B) the hydroethanolic and (C) water extracts of PN were used. Inserts show a zoomed image of the
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wrea from 25 to 32minutes. HPLC, high performance liquid c
hat almost all herbal ingredients, i.e., AD, AP, LC, NJ, PK, SC,
nd TC, served as scavengers of speciﬁc ROS and RNS, which
as further supported by previous evidence.17–24 To the best
f our knowledge, the scavenging properties of AP against
2
•− and of SC against OH• have not been reported else-
here. It can be observed that, with the exception of TC, when
Table 3 – Regression, LOD, LOQ, % RSD, and content of gallic aci
LOD (g/mL) LOQ (g/m
Compounds Regression equation
Gallic acid y=3207.9x – 17356
(R2 = 0.9954)
0.91 3.05
Vanillic acid y=2962.5x+5567.8
(R2 =0.9996)
0.67 2.23
Rutin y=701.33x – 129.81
(R2 = 0.9925)
0.06 0.20
Ferulic acid y=87.821x+94.756
(R2 = 0.9977)
0.16 0.54
LOD, limit of detection; LOQ, limit of quantitation; RSD, relative standard datography; PN, Phikud Navakot.
individually assayed for their antioxidant activities and cyto-
toxicity, both the hydroethanolic and thewater extract of each
herbal ingredient in PN appeared to be less active than the
polyherbal combination of PN. Herbal interaction within the
multi-ingredient PN analyzed by the calculation of CI values
revealed that the hydroethanolic extract showed signiﬁcant
d, vanillic acid, rutin, and ferulic acid in the extracts
L) % RSD Amount (% w/w extract)
Hydroethanolic extract Water extract
0.55 0.143 ± 0.005 0.136 ± 0.004
1.99 0.396 ± 0.025 0.362 ± 0.030
1.73 0.004 ± 0.0002 0.002 ± 0.0004
0.83 0.024 ± 0.002 0.003 ± 0.002
eviation.
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Fig. 3 – Effects of the hydroethanolic and water extracts of
PN at their IC10, IC25, and IC50 values on DNA damage
detected by an alkaline comet assay. Percentage of DNA in
comet tail is presented as mean ± SEM from three
independent experiments. H2O2 (100M) was used as the
positive control. * p<0.05 as compared to vehicle control.
Fig. 4 – Effects of the hydroethanolic and water extracts on
intracellular ROS level and viability in H2O2-treated cells.
Cells were pretreated with the extracts, quercetin, ferulic
acid, or vanillic acid at the indicated concentrations for
24hours prior to an exposure to H2O2 (100M) for
30minutes. (A) Intracellular ROS level and (B) viability were
determined using DCFH-DA and MTT assays, respectively.
*p<0.05 as compared to vehicle control. † p<0.05 as
compared to H2O2-treated cells.
DCF, 2′,7′-dichloroﬂuorescein; DCFH-DA,
2′,7′-dichlorodihydroﬂuorescein diacetate; MTT,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; PN, Phikud Navakot.PN, Phikud Navakot; SEM, standard error of the mean.
synergistic interaction with stronger potency than the water
extract, conﬁrming the importance of solvent used in prepar-
ing herbal remedies. We also observed that the percentage
yield of the extract obtained from combining the powders of
all nine herbs, in equal weight proportions, was higher than
the sum of those obtained from extracting each herb alone.
This implied that by combining these herbs, the extraction
environment might have been altered due to the induction of
complexation or polymerization, resulting in the alteration of
the solubility of the constituents.25,26
Furthermore, HPLC proﬁles of both extracts of PN also
showed the presence of gallic acid, vanillic acid, rutin, and
ferulic acid. Gallic acid was previously found in the galls of
TC and the aerial parts of AP.23,24,27 Vanillic acid was found
in AS, while rutin, a well-known antioxidant ﬂavonoid, was
found in AP.27,28 Ferulic acid, an effective scavenger of not
only NO•, but also OH•, was obtained from the roots of AD
and AS, the aerial parts of AP, and the rhizomes of LC.19,27,29–32
Thus, the comparatively larger quantities of these compounds
and other components present in the hydroethanolic extract
might account for its stronger synergistic activities over those
of the water extract.
Antioxidant activities in a cell-free system correlated well
with the result obtained from the cell-based assay, revealing
that the hydroethanolic extract of PN could concentration-
dependently ameliorate hydrogen peroxide-induced stress
in human endothelial cells more effectively than the water
extract, without affecting DNA damage. The highest cytotox-
icity was observed with both extracts of TC, which was also
the ingredient of PN that showed the most potent antioxidant
activity. Toxicity of TC might arise from its major constituent
gallic acid, which can act as either an antioxidant or a pro-
oxidant, depending on its concentration and cell types tested.
Gallic acid was previously reported to exert its cytotoxicity
through the generation of H2O2 in testicular cells.33 Further-
more, the hydroethanolic extract of PN became cytotoxicat 10-fold higher concentrations, resulting in a safety fac-
tor of approximately 10. Meanwhile, the water extract of PN
showed a narrow margin of safety, with a safety factor of
approximately 2. The considerably less cytotoxic effect of PN
suggested that the extraction of the combined herbs with 50%
ethanol could convey the synergistic antioxidant activities of
the polyherbal formula while reducing the overall toxicity,
supporting the traditional wisdom in the use of polyherbal
formula.
In conclusion, results of our study using cell-free and
cell-based systems demonstrated that the hydroethanolic
extract of PN scavenged ROS and RNS more effectively than
the water extract. Moreover, the solvent used in the prepara-
tion of polyherbal formulas is important in providing either
synergistic or antagonistic effect. Our ﬁndings encourage
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uture preclinical and clinical studies using PN in patients
ith circulatory disorders.
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